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SEMICONDUCTOR DEVICE HAVING
SEMICONDUCTOR SUBSTRATE INCLUDING
DIODE REGION AND IGBT REGION

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of PC'T application serial

no. PCT/JP2009/065606 filed on Sep. 7, 2009, the disclosure
of which 1s hereby incorporated by reference herein 1n 1ts
entirety.

TECHNICAL FIELD

The present teachings relate to a semiconductor device
having a semiconductor substrate in which a diode region and
an IGBT region are formed.

DESCRIPTION OF RELATED ART

Japanese Patent Application Laid-Open No. 2008-192737
discloses a semiconductor device having a semiconductor
substrate 1n which a diode region and an IGBT region are
formed. A damage layer 1s formed within the diode region.
Since the damage layer becomes a center of recombining of
carriers, reverse current that tflows in the diode upon reverse
recovery 1s decreased.

BRIEF SUMMARY

A damage layer 1s normally formed by implanting charged
particles into a semiconductor substrate. In a step of implant-
ing charged particles, a manufacturing error of a range 1n
which the charged particles are implanted 1s large. In acase of
the semiconductor device disclosed in the Japanese Patent

Application Laid-Open No. 2008-192737/, an end of the dam-

age layer 1s located within the diode region, within the IGBT
region, or on a boundary of the diode region and the IGBT
region. Therefore 11 a position of the end of the damage layer
1s shifted due to the manufacturing error, characteristics of the
diode and characteristics of the IGBT change. In other words,
in this semiconductor device, the characteristics of the diode
and the characteristics of the IGBT easily vary due to the
manufacturing error 1n a range where the damage layer 1s
formed.

The present specification provides a semiconductor device
having a diode and an IGBT, wherein characteristics of the
diodes and characteristics of the IGBTs hardly vary during
mass production.

A semiconductor device disclosed by the present specifi-
cation mcludes a semiconductor substrate 1n which a diode
region and an IGBT region are formed. An anode electrode 1s
formed on an upper surface of the semiconductor substrate
within the diode region. An emitter electrode 1s formed on the
upper surface of the semiconductor substrate withinthe IGBT
region. A common electrode 1s formed on a lower surface of
the semiconductor substrate. An anode region, a diode drit
region and a cathode region are formed within the diode
region. The anode region 1s formed of a p-type semiconductor
and 1n contact with the anode electrode. The diode drniftregion
1s formed of an n-type semiconductor and formed under the
anode region. The cathode region 1s formed of an n-type
semiconductor, which has a higher concentration of n-type
impurities than that in the diode drift region, formed under the
diode drift region and in contact with the common electrode.
An emitter region, a body region, an IGBT drift region, a
collector region and a gate electrode are formed within the
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IGBT region. The emitter region 1s formed of an n-type semi-
conductor and 1n contact with the emitter electrode. The body
region 1s formed of a p-type semiconductor, formed beside
and under the emitter region and in contact with the emitter
clectrode. The IGBT drift region 1s formed of an n-type semi-
conductor and formed under the body region. The collector
region 1s formed of a p-type semiconductor, formed under the
IGBT dniit region and 1n contact with the common electrode.
The gate electrode 1s facing a range of the body region via an
insulating film, wherein the range of the body region 1s a
range separating the emitter region from the IGBT dnit
region. A separation region formed of a p-type semiconductor
1s formed 1n a range between the diode region and the IGBT
region and extending from the upper surface of the semicon-
ductor substrate to a position deeper than both of a lower end
of the anode region and a lower end of the body region. A
diode lifetime control region 1s formed within the diode drift
region. A carrier lifetime 1n the diode lifetime control region
1s shorter than that 1n the diode driit region outside the diode
lifetime control region. An end of the diode lifetime control
region on an IGBT region side 1s located right below the
separation region.

The diode lifetime control region 1s a region wherein a
carrier lifetime 1s shortened, and includes, for example, a
region where crystal defects are formed by implanting
charged particles. By forming the diode lifetime control
region within the diode driit region, carriers in the diode drift
region can be more easily recombined and dissipated when
the diode performs the reverse recovery. Consequently, the
reverse current that flows when the diode performs the reverse
recovery can be suppressed. According to this semiconductor
device, the end of the diode lifetime control region on the
IGBT region side 1s located right below the separation region,
therefore even 1f the position of the end varies, an area of the
diode lifetime control region within the diode region does not

change. Consequently, 1n a case of this semiconductor device,
the reverse recovery characteristics of the diodes hardly vary.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 11s a vertical cross-sectional view of a semiconductor
device 10 at a boundary portion between a diode region 20
and an IGBT region 40.

PR.

L1
=]

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENT

An embodiment of a semiconductor device of the present
techings may preferably be configured as follows. An IGBT
lifetime control region may be formed within a IGBT drift
region. A carrier lifetime 1n the IGBT lifetime control region
may be shorter than that 1n the IGBT drift region outside the
IGBT lifetime control region. An end of the IGBT lifetime
control region on a diode region side may be located right
below a separation region. The IGBT lifetime control region
1s a region wheremn a carrier lifetime 1s shortened, and
includes, for example, a region where crystal defects are
formed by mmplanting charged particles. By forming the
IGBT lifetime control region within the IGBT drift region,
carriers 1n the IGBT drift region can be more easily recom-
bined and dissipated when the IGBT turns OFF. This makes 1t
possible to improve the turn OFF speed of the IGB'T. Accord-
ing to this semiconductor device, the end of the IGBT lifetime
control region on the diode region side 1s located right below
the separation region. Therefore even 11 the position of the end
varies, an area of the IGBT lifetime control region within the
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IGBT region does not change. Consequently, in the case of
this semiconductor device, the turn OFF speeds of the IGBTs
hardly vary.

A semiconductor device according to another embodiment
will now be described.

(Structure of Semiconductor Device)

As FIG. 1 shows, a semiconductor device 10 has a semi-
conductor substrate 12, and metal layers and imnsulating layers
which are formed on an upper surface and a lower surface of
the semiconductor substrate 12. A diode region 20 and an
IGBT region 40 are formed 1n the semiconductor substrate
12.

An anode electrode 22 1s formed on an upper surface of the
semiconductor substrate 12 within the diode region 20. An
emitter electrode 42 1s formed on the upper surface of the
semiconductor substrate 12 within the IGBT region 40. A
common e¢lectrode 60 1s formed on a lower surface of the
semiconductor substrate 12.

An anode layer 26, a diode drift layer 28 and a cathode
layer 30 are formed within the diode region 20.

The anode layer 26 1s formed of a p-type semiconductor.
The anode layer 26 has an anode contact region 264 and a low
concentration anode layer 265. The anode contact region 26a
1s Tormed 1n an 1sland shape within a range being exposed to
the upper surface of the semiconductor substrate 12. The
anode contact region 26a has a high concentration of 1mpu-
rities. The anode contact region 26« 1s connected to the anode
clectrode 22 by ohmic connection. The low concentration
anode layer 265 1s formed under and beside the anode contact
region 26a so as to cover the anode contact region 26a. A
concentration of impurities 1n the low concentration anode
layer 265 1s lower than that in the anode contact region 26a.

The diode dnft layer 28 1s formed under the anode layer 26.
The diode drift layer 28 1s formed of an n-type semiconductor
and has a low concentration of impurities.

The cathode layer 30 1s formed under the diode drift layer
28. The cathode layer 30 1s formed 1n a range being exposed
to the lower surface of the semiconductor substrate 12. The
cathode layer 30 1s formed of an n-type semiconductor and
has a high concentration of impurities. The cathode layer 30
1s connected to the common electrode 60 by ohmic connec-
tion.

A diode 1s formed by the anode layer 26, the diode drit
layer 28 and the cathode layer 30.

An emitter region 44, a body layer 48, an IGB'T driit layer
50, a collector layer 52 and a gate electrode 54 are formed
within the IGBT region 40.

A plurality of trenches 1s formed on an upper surface of the
semiconductor substrate 12 within the IGBT region 40. A
gate msulating film 356 1s formed on an nner face of each
trench. The gate electrode 54 1s formed mnside each trench. An
upper surface of the gate electrode 34 1s covered with an
insulating film 58. The gate electrode 54 1s mnsulated from the
emitter electrode 42.

The emitter region 44 1s formed 1n an 1sland shape 1n a
range being exposed to the upper surtace of the semiconduc-
tor substrate 12. The emitter region 44 1s formed 1n a range
being in contact with the gate insulating film 56. The emitter
region 44 1s formed of an n-type semiconductor and has a high
concentration of impurities. The emitter region 44 1s con-
nected to the emitter electrode 42 by ochmic connection.

The body layer 48 1s formed of a p-type semiconductor.
The body layer 48 has a body contact region 48a and a low
concentration body layer 4856. The body contact region 48a 1s
formed 1n an 1sland shape within a range being exposed to the
upper surface of the semiconductor substrate 12. The body
contact region 48a 1s formed between two emitter regions 44.
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A concentration of impurities 1n the body contact region 48a
1s high. The body contact region 48a 1s connected to the
emitter electrode 42 by ohmic connection. The low concen-
tration body layer 485 1s formed under the emaitter region 44
and the body contact region 48a. The low concentration body
layer 486 1s formed 1n a range shallower than the position of
the lower end of the gate electrode 54. A concentration of
impurities i the low concentration body layer 485 1s lower
than that in the body contact region 48a. The emitter region 44
1s separated from the IGBT dniit layer 50 by the low concen-
tration body layer 48b. The gate electrode 34 1s facing the low
concentration body layer 485, which 1s 1n a range separating
the emitter region 44 from the IGBT drift layer 50, via the gate
insulating film 56.

The IGBT dnfit layer 50 1s formed under the body layer 48.
The IGBT driit layer 50 1s formed of an n-type semiconduc-
tor. The IGBT dniit layer 50 has a drift layer 50q and a butier
layer 505. The drift layer 50a 1s formed under the body layer
48. A concentration of impurities in the drift layer 50q 1s low.
The concentration of impurities 1n the dnft layer 50a 1s
approximately the same as that in the diode driit layer 28, and
the drift layer 50q 1s continuous with the diode drift layer 28.
The buffer layer 505 1s formed under the drift layer 30a. A
concentration of impurities 1n the butfer layer 5305 1s higher
than that 1n the drift layer 50a.

The collector layer 52 1s formed under the IGBT driit layer
50. The collector layer 52 1s formed 1n a range being exposed
to the lower surface of the semiconductor substrate 12. The
collector layer 52 1s formed of a p-type semiconductor, and
has a high concentration of impurities. The collector layer 52
1s connected to the common electrode 60 by ohmic connec-
tion.

An IGBT 1s formed by the emitter region 44, the body layer
48, the IGBT dniit layer 50, the collector layer 52 and the gate
clectrode 54.

A separation region 70 1s formed between the diode region
20 and the IGBT region 40. The separation region 70 1is
formed 1n a range extending from the upper surface of the
semiconductor substrate 12 to a position deeper than both of
a lower end of the anode layer 26 and a lower end of the body
layer 48. To be more precise, the separation region 70 1s
formed 1n a range extending from the upper surface of the
semiconductor substrate 12 to a position deeper than a lower
end of the gate electrode 54. The separation region 70 1s 1n
contact with the anode layer 26 and the body layer 48. The
separation region 70 1s formed of a p-type semiconductor. A
concentration of impurities 1n the separation region 70 1s
higher than those 1n the low concentration anode layer 2656
and the low concentration body layer 485. A bottom surface
of the separation region 70 1s tlat. The separation region 70
suppresses an electric field to be concentrated on an area
between the anode layer 26 and the body layer 48. In particu-
lar, the separation region 70 1s formed extending to a position
deeper than the lower end of the gate electrode 54, hence an
clectric field to be concentrated on the gate electrode 54 near
the separation region 70 1s suppressed.

The diode drift layer 28 and the dritt layer S0q are continu-
ous with each other right below the separation region 70. The
cathode layer 30 1n the diode region 20 extends to a position
right below the separation region 70, and the collector layer
52 1n the IGBT region 40 extends to the position right below
the separation region 70. The cathode layer 30 1s 1n contact
with the collector layer 52 1n the position right below the
separation region 70. In other words, a boundary 72 of the
cathode layer 30 and the collector layer 32 1s located in the
position right below the separation region 70. To be more
precise, the boundary 72 1s located right below the bottom
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surface (flat portion) of the separation region 70. The struc-
ture of the boundary portion shown in FIG. 1 extends along an
area between the diode region 20 and the IGBT region 40. In
other words, the boundary 72 extends along the separation
region 70 between the diode region 20 and the IGBT region
40.

A diode carrier lifetime control region 39 1s formed within
the diode drift layer 28. In the diode carrier lifetime control
region 39, crystal defects, formed by implanting charged
particles 1n the semiconductor substrate 12, exist. The con-
centration of the crystal defects 1n the diode carrier lifetime
control region 39 1s much higher than that in the diode dnit
layer 28 around the diode carrier lifeline control region 39.
The diode carrier lifetime control region 39 1s formed at a
depth which 1s close to the anode layer 26 and deeper than the
lower end of the separation region 70. A reference number
39a indicates an end of the diode carrier lifetime control
region 39 on the IGBT region 40 side. The crystal defects are
distributed along the depth direction (vertical direction 1n
FIG. 1) 1n an area outside the end 39a (on the IGBT region 40
side). This 1s because when charged particles are implanted,
the implanting depth of the charged particles changes in a
peripheral area of an aperture portion of a mask. The concen-
tration of crystal defects distributed along the depth direction
1s low, and therefore the crystal defects distributed along the
depth direction hardly influence the characteristics of the
semiconductor device 10. The end 39a of the diode carrier
lifetime control region 39 1s located right below the separa-
tionregion 70. To be more precise, the end 39a 1s located right
below the bottom surface (flat portion) of the separation
region 70. In other words, the end 39a of the diode carrier
lifetime control region 39 extends along the separation region
70 between the diode region 20 and the IGBT region 40.

An IGBT carner lifetime control region 39 i1s formed
within the drift layer 50a. In the IGBT carrier lifetime control
region 39, crystal defects, formed by implanting charged
particles 1n the semiconductor substrate 12, exist. The con-
centration of the crystal defects 1n the IGBT carrier lifetime
control region 59 1s much higher than that in the drift layer
50a around the IGBT carrier lifetime control region 59. The
IGBT carrier lifetime control region 59 1s formed at a depth
which 1s close to the butler layer 5056. A reference number 594
indicates an end of the IGBT carner lifetime control region 59
on the diode region 20 side. The crystal defects are distributed
in the depth direction 1n an area outside the end 59a (on the
diode region 20 side). This 1s because when charged particles
are 1mplanted, the implanting depth of the charged particles
changes in the peripheral area of an aperture portion of a
mask. The concentration of crystal defects distributed along,
the depth direction 1s low, and therefore the crystal defects
distributed along the depth direction hardly influence the
characteristics of the semiconductor device 10. The end 59a
of the IGBT carrier lifetime control region 39 1s located right
below the separation region 70. To be more precise, the end
59a 1s located right below the bottom surface (flat portion) of
the separation region 70. In other words, the end 59« of the
IGBT carrnier lifetime control region 59 extends along the
separation region 70 between the diode region 20 and the
IGBT region 40.

(Operation of Diode of Semiconductor Device)

The operation of the diode of the semiconductor device 10
will be described. When voltage to make the anode electrode
22 positive (that 1s, forward voltage) 1s applied between the
anode electrode 22 and the common electrode 60, the diode
turns ON. In other words, electric current flows from the
anode electrode 22 to the common electrode 60 via the anode
layer 26, the diode drift layer 28 and the cathode layer 30.
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In the semiconductor device 10 of the present embodiment,
the boundary 72 1s located right below the separation region
70. While the diode 1s ON, electric current flows from the
separation region 70 to the cathode layer 30, as an arrow mark
81 1n FIG. 1 indicates. While the diode 1s ON, electric current
also flows from the anode layer 26 to the cathode layer 30
right below the separation region 70, as an arrow mark 80 in
FIG. 1 1indicates. Since the diode drift layer 28 right below the
separation region 70 becomes an electric current path like
this, the forward ON voltage of this diode 1s low. However, the
diode lifetime control region 39 1s formed right below the
separation region 70, and carriers that flow from the separa-
tion region 70 to the diode drift layer 28 pass through the
diode lifetime control region 39, as the arrow mark 81 1ndi-
cates, hence most of the carriers are recombined and dissi-
pated 1n the diode lifetime control region 39. Furthermore, a
distance from the separation region 70 to the anode electrode
22 1s long, therefore electric current does not flow easily on
the path indicated by the arrow mark 81. That 1s, the amount
of the electric current that tlows as indicated by the arrow
mark 81 1s low. At the same time, a distance from the cathode
layer 30 right below the separation region 70 to the anode
layer 26 1s also long, that 1s, the amount of the electric current
that flows as indicated by the arrow mark 80 in FIG. 1 1s also
low. As a consequence, the amount of the electric current that
flows 1n the diode dnit layer 28 right below the separation
region 70 1s low. Because of this, the characteristic of the
diode hardly fluctuates, even 11 a position of the boundary 72
(a position 1n the width direction (lateral direction 1n FIG. 1)
of the separation region 70) 1s shifted due to manufacturing
error. In other words, the forward ON voltages of the diodes
hardly vary during the mass production of the semiconductor
device 10.

When the voltage applied to the diode 1s switched from the
torward voltage to the reverse voltage, the diode performs the
reverse recovery operation. In other words, holes existing in
the diode drift layer 28 when the forward voltage 1s applied
are exhausted to the anode electrode 22, and the electrons
existing 1n the diode drift layer 28 when the forward voltage
1s applied are exhausted to the common electrode 60. Due to
this, reverse current flows 1n the diode. The reverse current
attenuates 1n a short time, and the amount of the electric
current that flows 1n the diode becomes virtually zero there-
after. The crystal defects 1n the diode carrier lifetime control
region 39 function as recombining centers of carriers. Hence
upon performing the reverse recovery operation, most of the
carriers 1n the diode drift layer 28 are recombined and dissi-
pated in the diode carrier lifetime control region 39. Therefore
according to the semiconductor device 10, the reverse current
generated upon performing the reverse recovery operation 1s
suppressed.

According to the semiconductor device 10 of the present
embodiment, the end 39a of the diode carrier lifetime control
region 39 1s located right below the separation region 70.
Even i a position of the end 39a (a position 1n the width
direction (lateral direction 1n FIG. 1) of the separation region
70) right below the separation region 70 1s shifted due to
manufacturing error, an area of the diode carrier lifetime
control region 39 in the diode region 20 does not change.
Further, as mentioned above, the amount of the electric cur-
rent that tlows in the diode dnit layer 28 right below the
separation region 70 1s low. Therefore even 11 the character-
istics of the diode drift layer 28 right below the separation
region 70 change because of the shift of the position of the end
39a, the reverse recovery characteristics of the diode are not
influenced very much. Hence according to the semiconductor
device 10, the reverse recovery characteristics hardly fluctu-
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ate much even if the position of the end 39a shifts. This means
that the reverse recovery characteristics of the diodes hardly
vary during the mass production of the semiconductor device
10.

Moreover, 1n the semiconductor device 10, the diode car-
rier lifetime control region 39 extends to a position right
below the separation region 70. Therefore carriers existing in
the diode drift region 28 right below the separation region 70
recombine in the diode carrier lifetime control region 39. As
a consequence, the generation of a large amount of electric
current near the separation region 70 upon the reverse recov-
ery operation 1s prevented.

(Operation of IGBT of Semiconductor Device)

Operation of the IGBT of the semiconductor device 10 will
be described. When voltage to make the common electrode 60
positive 1s applied between the emitter electrode 42 and the
common electrode 60, and ON potential (potential higher
than the potential requ1red for forming a channel) 1s applied to
the gate electrode 54, the IGBT turns ON. In other words, a
channel 1s formed in a range of the low concentration body
layer 485 being 1n contact with the gate insulating {ilm 56 by
the ON potential applied to the gate electrode 54. Then elec-
trons flow from the emitter electrode 42 to the common elec-
trode 60 via the emitter region 44, the channel, the IGBT driit
layer 50 and the collector layer 52. Holes, on the other hand,
flow from the common electrode 60 to the emitter electrode
42 via the collector layer 52, the IGBT dnit layer 50, the low
concentration body layer 485 and the body contact region
48a. In other words, electric current flows from the common
clectrode 60 to the emitter electrode 42.

According to the semiconductor device 10 of the present
embodiment, the boundary 72 1s located right below the sepa-
rationregion 70. When the IGBT 1s ON, electric current flows
from the collector layer 52 to the separation region 70, as an
arrow mark 83 in FIG. 1 indicates. When the IGBT 1s ON,
clectric current also tlows from the collector layer 52 right
below the separation region 70 to the body layer 48, as an
arrow mark 82 1n FIG. 1 indicates. Since the IGBTT drift layer
50 right below the separation region 70 also becomes an
clectric current path like this, the ON voltage of the IGBT 1s
low. However, the IGBT lifetime control region 59 1s formed
right below the separation region 70, and, as an arrow 83
indicates, carriers that flow from the IGBT driit layer 50 to the
separation region 70 passes through the IGBT lifetime con-
trol region 59, hence most of the carriers are recombined and
dissipated 1n the IGBT lifetime control region 59. Moreover,
the distance from the separation region 70 to the emuitter
clectrode 42 1s long, therefore electric current hardly flows on
the path indicated by the arrow mark 83. Because of this, the
amount of the electric current that flows as indicated by the
arrow mark 83 1s low. Furthermore, the distance from the
collector layer 52 right below the separation region 70 to the
body layer 48 1s long, therefore electric current that flows as
indicated by the arrow mark 82 1n FIG. 1 1s low. Thus the
amount of the electric current that flows 1n the IGBT dnit
layer 50 right below the separationregion 70 1s low. Therefore
even 1f a position of the boundary 72 (a position in the width
direction (lateral direction 1 FIG. 1) of the separation region
70) 1s shufted due to manufacturing error, the characteristics
of the IGBT hardly fluctuate. This means that the ON voltages
of the IGBTs hardly vary during the mass production of the
semiconductor device 10.

When the potential applied to the gate electrode 34 1s
switched from ON potential to OFF potentlal the IGBT turns
OFF. In other words, holes existing 1n the IGBT driit layer 50
when the IGBT 1s ON are exhausted to the common electrode
60, and electrons existing 1n the IGB'T drift layer 50 when the
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IGBT 1s ON are exhausted to the emitter electrode 42. Due to
this, reverse current flows in the IGBT. The reverse current
attenuates 1n a short time, and the amount of the electric
current that flows 1n the IGBT becomes virtually zero there-
alter. The crystal defects 1n the IGBT carrier lifetime control
region 59 function as recombining centers of carriers. Hence
upon performing the turn OFF operation, most of the carriers
in the IGBT drift layer 50 are recombined and dissipated 1n
the IGBT carrier lifetime control region 59. Therefore the
amount of the reverse current generated upon performing the
turn OFF operatlon 1s suppressed. Thereby the turns OFF
speed of the IGBT 1s improved.

According to the semiconductor device 10 of the present
embodiment, the end 594 of the IGBT carrier lifetime control
region 59 1s located right below the separation region 70.
Even 1f a position of the end 59a (position 1in the width
direction (lateral direction in FIG. 1) of the separation region
70) right below the separation region 70 1s shifted due to
manufacturing error, an area of the IGBT carrier lifetime
control region 59 1n the IGBT region 40 does not change.
Further, as mentioned above, the amount of the electric cur-
rent that flows 1n the IGBT drift layer 50 right below the
separation region 70 1s low. Therefore even 11 the character-
istics of the IGBT dnit layer 50 right below the separation
region 70 change because of the shift of the position of the end
59a, the turn OFF speed of the IGBT 1s not intfluenced very
much. Hence according to the semiconductor device 10, the
turn OFF speed of the IGBT hardly fluctuates even 1if the
position of the end 59a shifts. This means that the turn OFF
speeds of the IGBTs hardly vary during mass production of
the semiconductor device 10.

Moreover, 1n the semiconductor device 10, the IGBT car-
rier lifetime control region 59 extends to a position right
below the separation region 70. Therefore carriers existing in
the IGBT driit region 50 right below the separation region 70
recombine 1n the IGBT carnier lifetime control region 59. As
a consequence, the generation of a large amount of electric
current near the separation region 70 when IGBT 1s turned
OFF 1s prevented.

As described above, according to the semiconductor
device 10 of the present embodiment, the boundary 72, the
end 39q of the diode carrier lifetime control region 39 and the
end 59qa of the IGBT carrier lifetime control region 59 are
located right below the separation region 70. In other words,
the separation region 70 has a sufficient width so that the
boundary 72, the end 39a and the end 39a are located right
below the separation region 70 even if the boundary 72, the
end 39a and the end 59q are shifted due to manufacturing
error. Because of this, the forward ON voltages of the diodes,
the reverse recovery characteristics of the diodes, the ON
voltages of the IGBTs, and the turn OFF speeds of the IGBTs
hardly vary during the mass production of the semiconductor
device 10. As a consequence, the semiconductor device 10
can be manufactured with stable quality.

In the semiconductor device 10 of the above mentioned
embodiment, the lifetime control regions 39 and 59 are
formed within the diode region 20 and within the IGBT
region 40 respectively, but the lifetime control region may be
formed only within one of the diode region 20 and the IGBT
region 40.

What 1s claimed 1s:

1. A semiconductor device comprising a semiconductor
substrate 1n which a diode region and an IGBT region are
formed, wherein

an anode electrode 1s formed on an upper surface of the

semiconductor substrate within the diode region,
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an emitter electrode 1s formed on the upper surface of the
semiconductor substrate within the IGBT region,

a common ¢lectrode 1s formed on a lower surface of the
semiconductor substrate,

an anode region, a diode drift region and a cathode region
are formed within the diode region,

the anode region 1s formed of a p-type semiconductor and
1n contact with the anode electrode,

the diode drift region 1s formed of an n-type semiconductor
and formed under the anode region,

the cathode region 1s formed of an n-type semiconductor,
which has a higher concentration of n-type impurities
than that in the diode drift region, formed under the
diode drift region and 1n contact with the common elec-
trode,

an emitter region, a body region, an IGBT drift region, a
collector region and a gate electrode are formed within
the IGBT region,

the emitter region 1s formed of an n-type semiconductor
and 1n contact with the emaitter electrode,

the body region 1s formed of a p-type semiconductor,
formed beside and under the emitter region and 1n con-
tact with the emuitter electrode,

the IGBT drift region 1s formed of an n-type semiconductor
and formed under the body region,

the collector region 1s formed of a p-type semiconductor,
formed under the IGBT drift region and 1n contact with

the common electrode,
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the gate electrode 1s facing arange of the body region via an
insulating film, wherein the range of the body region 1s a
range separating the emitter region from the IGBT driit
region,

a separation region formed of a p-type semiconductor 1s
formed 1n a range between the diode region and the
IGBT region and extending from the upper surface of the
semiconductor substrate to a position deeper than both
of alower end of the anode region and a lower end of the
body region,

a diode lifetime control region 1s formed within the diode
driit region, wherein a carrier lifetime 1n the diode life-
time control region 1s shorter than that 1n the diode drift
region outside the diode lifetime control region, and

an end of the diode lifetime control region on an IGBT
region side 1s located right below the separation region.

2. The semiconductor device of claim 1, wherein

an IGBT lifetime control region 1s formed within the IGBT
driit region, wherein a carrier lifetime 1n the IGBT life-
time control region 1s shorter than that in the IGBT drift
region outside the IGBT lifetime control region, and

an end of the IGBT lifetime control region on a diode
region side 1s located right below the separation region.
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